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1020020079286 #^ U*r: 2003/6/3 

7>^ ol^. ^ ^ *i*l<SHH ^^ZL, ^Sfl^-(l0W 

distoration), -H^^Chigh linearity), **H^* <£7l jH*M, 7fli^= ^ 

Efl^ ^^(differential pair)^.^. *fll * *fl2 ^^J:!- #7] 

3l ^12 #^r*H *IU 31 42 ^^S.Mr ^s^o}- 

t^e^ ^-71 *R1:M o)^°. 40]^ <$m\s. 91 7} 3l S 

Eflo^ ^1 ^ ^2 #^^0^-0.5. ^«r*H t^Hr £^r-«- 5Lf-*>S), #7l 

917} ^ 7>^ o]s. ^71 Slfr/^ ^«r^-5L^Ei JMl«-(negat ive 

feedback) ^} *lir SE^r ##^3 ^Efl£) ^ ^o. ^io S ^ 7 > 

£ 1 
m^lo]] 

7>^ ^^71, CMOS, ^iiELE., ^Hfl 
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1020020079286 #3j Qt-}: 2003/6/3 

7}Q °)^r ^7l{Variable gain amplifier} 

£ 2^r ^2 ^Al^ofl 4a 7} uz ^ 7l# ^^§>7l £*ltb 

£ 3£r *fl3 ^Al^ofl tCj-^- 7V£ o] ^ ^7l# ^TS^l ^ *H H^l *!" 

110 : •y^JL 917} 7}^ ojs- s^-if 
130 : *B?-/*i# 

7>^ o|s. ^7l (Variable gain amplifier HI ^ 7^ 
7>*1 ^ , T-i^g-^cHH ^ 01^ 7f^ o]^ CMOS ^7}o\] 
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1020020079286 %^ 2003/6/3 

<8> 7>£ o]s. CMOS ^^7l(°l^>, 'CMOS VGA's} tr) 52.3 *flo)^- a>*J-o_5.^. 

-{OJl^H tftifr ^Iscfl^-g-ti] (Signal to Noise ratio; S/N«l)^ ^-tfl^-, ^^Hr rfl<*# 
(frequency bandwidth)^ 37} , ^<2j)-=-^ (low distortion) , ^^^hS-Uaw input 
noise)^, ^3.*] -id^^ (linearity)* Ji^fe ^^IJL^ 3.7), , 2:^^ 

Q-QS. (control volage) ^ <>1 ^-^^-^ (exponential gain characteristic) &i=t. 

<9> o]d\) CMOS VGA jl^«fl °)^- CMOS ^tb #^31 

^ sm^oit}. CMOS slSfe ^ ^2HM ^^7> «^fl^ i*} 

100MHz ^^§>7l7l- <H^c|-. JEth M0S 4i7>^ #<y-( threshold)^] 3.71 ^ 

T^^M?} ^^Cf. tCl-SH, 7-1^1^^^ S-Aj^ 7>^H, ^tf^M ^SJ-fe CMOS 
VGA* ^^*>7)7> <H^i=Hr &*\}%o] o^cf. 

<io> rq-^i, £ ^£ #7HH ^Hfl7l#Sl £-*ll3* *m*}7) $n <?>#^ ?A 

iS, 7^^^<y-o]]A-^ ^ «- ^(control voltage) ^l^l £)*fl ^ 7>*lfe 

•a^-a^ofl tfltr ^ 7 1^* afl^*M 7^^-dow distortion), 

(high linearity), **r^-S: 7 >^ ^ 31^ 7>^ o]s. ^ 7 1# ^^t-fl zl 

<n> Str, ICC integrated circuit)^ ifl^ ^ 7>^ o]^ ##7ll- *fl 
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1020020079286 %;% ^^>: 2003/6/3 

<12> ^ c. £3^5.7}. ^ c. IC CMOS VGA* afl^Hrefl SE cf= s.^ 

•1 

<13> ^. ^-tgo^ ^^ofl n^-e.^, 7^311 ^Bflo] ^ og^^ s ^ u ^ ^ 2 ^^^1 

S# °J ^ ^JI , #7l afli ^ ^12 <3^Jl^ 7}A]if ^11 ^ ^12 

<?]7> ^ 7>^ o)S. S^fif, ^-71 °J^Jr o] 7 > ^ 7}-«£ ojs. ^^W-5.W-Ei 

^ ^12 ^•a-^Hii^ ^ u ui ^ 2 ^**h #^Rr ^/^<y- 

^L*^» Z.&tW , ^7] ^miS. 917} ^ 7}^ ol^. ^-7] ^/^ ^«^f 

^-t-^-I -^-^11^: (negative feedback^ <H ^efl^ ^-§- £^ 7 A 

* ^JlS S>fe 7>^ o)^- ^7l# afl^cf. 

<14> o)t\, ^ 51 ^-§- W>^*V ^ Alalia- ^^^>7lS. *Vcf. 

£ o]^H^ 7flA]s]^ ^Jai^oi] t^^xr ?H <^He1- ^3. cf^t!- ^HflS. 

<1.5> S. l-Br *fll 14 CMOS VGA^ ^oMl S)S£ol4. 2 ^ 

2 ^HH CMOS VGAS] -S-^l 5]^£o]cf. ^ 3-8- ^ ^-^^ ^3 ^A^oil c)-g- 

CM0S VGA^ ^Ml s|^£o]cf. <^7l^, 3£ 1 ifl^l £ 3<fl £^1^ t2^it ^ ^^tl: 
fe-^-JL^r -^^tb 7l^# ^r>^ -^^ A4i(elements)l- 7>sl^cf. 
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1020020079286 #^ <Qx}: 2003/6/3 

<16> E £ 3-8: #2^, m 4s. CMOS VGAfe <?]7)- ^ 

0 )^ 2:^-t-( input signal provision and variable gain controller; 110)^- ^-nV 
(I/V converter; 120)1- i^-tr^f. 

<18> ojsJA]^ oi7> ^ 7>^ o]^. ^^^-(110)^ IE 1 ^ JE 2^1 B >sq- ^o] 

^Efl (current inputted type)S ^sH, ?fliS^(cascode) ^Efls] ^s^-i- ^g- 

*fl ^^^S(Vi+ ( Vi-)« #^^>£), ^^^(gain control 

voltage; Vc) *±S.*\) 4^ 7>^s]^ €i(transconductance)l- °l-g-*>°i ^ 

^l5L(Vi + , Vi-)S] 7>^ OIS.^- 2:^*1^-. o}6\] «>5fl ) £ 3 ofl W><2} ^-O] ^- 

21 ^3 ^Hl ccfs 7 >^ o)s- ^^^-(110)21 ^-fofl^ ^ ^ ^ 2 ^aH1<2}- ^ ^oj- 
^ ^(voltage inputted type)^. ^^cf. 
<i9> ^3 o_g_ t <%m\S. 917} ^ 7>^ o]^ S^^-(llO)^ NM0S H^^l^Ei(NMl vfl*l NM4) 
°l J f-°i?14. NMOS B^l^CNMl vfl*] NM4)^ ^^S^Cmi 1 ler effect)^ 7l^§ 7fl3fl 
^^^(parasitic capacitance) ^£-8: ^is^M ^Sfl 7fl^^^ *}~^ ^^fl 

(differential pair)^ ^^Mr ^-^^4. 3E 1 ^ JE 2<^1 5l*\Q u}<4 ^-o] > NMOS H 
^I^eKNMI)^ icI=(Ql)<2}- NMOS S^fl^l^Ei(NM3)^l source )<S*f ?fl^i2lE, ^^S. 

°^*}JUVi+H u}e}. ^<$% ^^-^4. NMOS B€*l^Ei(NM2)^r ^ 

= (Q2)2j- NMOS B^]i£i (NM4)^1 ?fli2£ ^^s)^ JL(Vi-Hl 

tyz\r ^ff-^ ^EflS. -^2f€^T. tr^l, £ 3^1 £^1=1 ^ ( NMOS B3H*1^EKNM1) 

^ h^^.(Q7)2\- NMOS ^ ^^]^Ei(NM3)^ i^Csource)^^ ?li3£ ^Hfl^. oj 
^Jl(Vi + Hl ^-^cf. NMOS H3M^eUNM2)^ ^JE(Q7)s}- NMOS H^*]^ 
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1020020079286 QA- 2003/6/3 

(NM4)^ 7fliia.E. ^Efls. ^^iJUVi-H 4^ -g-^-^cf . ^, £ 3 

NMOS H^l^CNMl ^ NM2)^ ^^^-o] ^o_S ^^.(Q7)^ ^^f£l°l ^oj-oj 
% ^%^A Sth NMOS H^^l^Ei(NM3)^ ^=(Q3)2f NMOS 

H^H^^^(NMl)^ =efl^](drain)^4 ^^£)x^ ^o]. aijt( Vc H 4^ ^ ^1 

°1H( common gate) ^^7}S. ^^-^4. NMOS H^M^I (NM4)b ^= (Q4)^- 

NM0S H^^^Ei(NM2)S] c^o]^ ^^^^ ol^^^oj- a]^(Vc)^1 ^ ^ tIM 

< 20 > <y^AiJ: ol7> * 7}£ ojs. ^^«-( no)Sl -i^^m, NMOS H^l^(NMl) 

Q NMOS H^*l^(NM3)b 4l3L(VcH nj-e} ^ t§ oj (tr iode region) iE 

is}^ (saturation regionHH ^^t}. °1S.*| , °J^-i]J:(Vi + ( Vi-)^ 3.7] <4| 
Jf^Tll afl^- ^-^Sr* *r Slcf. 4Sr^i, NMOS H€*1^1(NM1 ^ NM2H1 ^ 

ilJl(Vi + , Vi-)7> ^^5]ZL, NMOS H3»*1^E-UNM3 ^ NM4)^1 7flo]B(gate)^o. S °]^2i 

^S(Vc)7> ^^5)^, ?j\+3.IE. ^Bfl«l ^# NMOS H^1^B](NM1 ^ 

NM3) £u NMOS B*SA*liEl(NM2 ^ NM4)^1 4 o]^^^^^ AlJr(Vc)°fl ^ 

ci^A]^(Vi + , Vi-)^ 3.71 ofl nj-s. £j|^^K§. ^o^t}. a*V, ol 711 is = ^Eflo} ^ 

• ^£ #^^KVo+ ^ Vo-HH €■ #^ °J c]i( impedance)* #7fl ^JL, ^Sfl 
<>l^h8: 3711 trcf. 

<21> oll^cfl, ^ ^^AlS(Vi + , Vi-)7> 7^ Ol^.^- Z] ^^. 7 > ^-^l^r 

°l^-2:^<y- ^l^(Vc)!- ^1-711 z> r °l NMOS B^l^El(NM3 ^ NM4)£} z| H^i^^i 
o] 37l# ^Al^ o|s.^- #^Al7jr4. ol ^ O-ofl^ ols.^^^oj- Al 5l (v c )7> Tfl 
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1020020079286 <£t.\: 2003/6/3 

°lH^cMI <^s]fe NMOS B^fl^l^Bl(NM3 ^ NM4)2j-, < a^^l^(Vi+, Vi-)7> 7)1 o]h^<^1 
^^Ife NMOS H^fl^liB^(NMl ^ NM2)7> S.^- £.3±°$<^°\)x] ^^-=H1 aj-ej. 3. <^A}jr 

(Vi + , Vi")^ i2fl^-i: 3|i3HH *m-§r 7fl^Al^ ^ ojcf. 
<22> Hj-Tg, 4^ ^^^ls(Vi+, Vi")7> 7>£ § 7 >A]^ 3giL7} ^-f^lfe 

ol=-^^^<y- a]s(Vc)* 3711 §H NMOS H^liBl(NM3 ^ NM4)^ zj- e^^^a 

^ 3-711- f7M^l 7fl£ #7M^]Cf. Ol 7J o.6\}^ o]^%£<£ A]^( Vc )7> Tfl 

°1S^-°11 NMOS H^^}iEi(NM3 ^ NM4)^ isf-^^H -S^Ka, o^aji 

(Vi + , Vi-)7> 7)MH#<i NMOS B^S^^EiCNMl ^ NM2)^ 

6\] <$mi3L(Vi+, 3.7)9}- <8m±5.W+,.Vi-)Si\ Sfl^r# 



<24> ^, -a«8**hi«?4M*r, 

<25> . n C W V 

1] id= ~ S ~L [(K * _F w>--f] K * 

<26> * rf/, = /yC £ £ 

<27> <^ 7 )a^ 'o < V ds < (V gs - V TH ) ,0 1^, 'V T h'^ S^^l^B^ ^ ^(threshold 

voltage)°l cf. 
<28> SEth isJ-^-^^H^, 

<29> _ ^ -C -FT 2 
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1020020079286 2003/6/3 

<30> s = *Ll.= \ 2Q'.'C m -rr) ~~ 

4] *- *r m m i l 

<31> o^H ' Vds > (V gs - V TH )°1^. 
<32> [#^-/#<& £^L] 

<33> 51 1 51 51 2<HH SUf/Sltf £«r-f-(120)*r ^^^IJl ^17> ^ 7>^[ o]s. S ^«L(no)S. 

^ #^3^r 3^- ^Hfl^ ^ai^s. ^s^ji, ^> 21^ ^ ^>1- ol-g-isH 

<34>^afl^O.S. f #*/## ^^(120)fe £ lofl S^S} ^-o] ol 7 > ^ 

^^-(llO)^Bi <y^£l^ ^ ^Hfl^ ^Al^l- tg^o] # ^^og. (Vo+; 

Vo-)°-3. #^*>7l JflsH *HMi*KRl 3? R2)» 5£^-W. 25^, £ 2 ^ 

51 3<H1 51 wl-sq- £o] X)2 £ 7fl3 ^A]^<H1 of^ #*/#<£ ^^(120 HI *fli 

x\*^xKRl ^ R2) cflAlofl ^g-^K active load) 3^(122 £ 124)1- if" 

S)S.^-(122 ^ 124)1- 5L^Rr °l-fi-fe CMOS VGA^ ^sK* m^^- 7fl*Ul7l7l ^ 

olcf. ^, 51 2 ^ 51 3-=H) 51^1^ y>af ^-o] PM0S H^^I^bKPMI ^ PM2)*f n 

1 

^( )7> tflsfaj*?] £M , NM0S H€*l^£i(NM9 ^ 

NM10), #^Hl(Isl ^ Is2)^ a^tf **j-g- 7Bf*}7)l ^ o>^^ w >ol^ 

^1 ^*}JL, 7fl3XflA]Ei(Cl ^ C2)°fl s]*fl ^^Hr 7fl^A]^ ^ 01 

cf. olofl rcj-s}, *)| 2 g *]3 ^HHH^r *Hl ^*HHH *Hfcfc*>(Ri ^ R2)S 

e o)^ > ^^oj- ^ ^-tfl^ (wideband) <H]>H ^^M^ 51^. 31 *h ^^Hr iL 
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1020020079286 #^ ^^>: 2003/6/3 

?1] 3fl ^lll^C frequence compensation capacitance) 5. 7fl3flA}El (CI ^ C2)# 

<36> ^-g-^f 5]^^(122)^ PMOS H^^l^EUPMl), NMOS .E^j ^E-| (NM9) , ^i^(Isl) ^ 
^sJMeKCD-I- i^-*Vc}. PMOS H^^)^Bi(PMl)^ ^^^(Vdd)^ i^E.(Q4) Aj-ojofl 

^=(Q5)^ &$\o\} ccfe} ^^-^cf. NMOS H^^^B](NM9)^ ^^^<y-^(Vdd)4 
^(Q5) *\°}°]) ^s}^ ^=(Q4)S] 45} ^^^cf. SE^:, PMOS H^l^Ei 

(PMl)2f NMOS S^^1^eKNM9)^ ^lSCnegat ive feedback)^- 
(IslHr 3*l€#€(Vss)3|- ^=(Q5) ¥-§^r ^^(122)^1 ^ w> 

o]o]^ ^0>^cf. 7 fl5flAlEi(Cl)^ ^^(Isl)^- ^5)-^ 

<37> ^^MV s] ^.^-(124)^ PMOS Bsa^^El(PM2), NMOS H^l^ (NM10) , *tfr$l(Is2) ^ 
7fl2ll^Ei(C2)l- JE.^**.- PMOS B^^l^Ei(PM2)^ ^^SHKVdd)^- i^B(Q3) A>o]ofl 
^#5H ^=(Q6)^ #$\c% n}s}- -g^^cf. NMOS B^7]iE] (NMIO)-^- ^-^^(Vdd) 
4 ic^(Q6) *}°}°\] ^=(Q3)s] ^ofl trfe}- PMOS H^fl^l^Ei 

(PM2)-4 NMOS H^^l^Ei(NMlO)^ ^tH=h ^i^(Is2)^ ^^1^^ 

(Vss)4 i^=(Q6) A>ol en] ^^£)T^ ^^«-S> s)S^-(124)s] ^ «>ol<>|^^- ^j-of^cf. 

^^Hr ?ti3MEKC2)^ ^^-^(Is2)4 US ^^5]^ ^3f^ ^H3# 7fl^Al^lcf. 

<38> ^j^L, <j> 3^(122)3 ^jf.^ PMOS B^^l^E-l(PMl)^ -^-^S. 

^^-^^f. NMOS H^^l^Ei(NM9)^ ^s]^ PMOS H^1^e|(PM1)2}- ^s. ^} 
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1020020079286 2003/6/3 

^ W. Stb, 515-^(122)^1^^ PMOS H^liE](PMl) ^ NMOS 

^l^Bl(NM9)fi1 H7lsq- ;*HHl(IslH ^ HH<Hi ^^1^ 

A >-§-^ °fliLcf CMRRCCommon Mode Rejection RatioH ?1*1>I1 °H n*^, 

^=(Q3 ^ Q4)S #^5]^ #^^U"(Vo+, Vo-)°l <L3. iLt\- 

3. ^l^cf. 7fl3flAiEKCl)^ ^ i^E=(Q3 g Q4HH ^ ^ci^sq- 

_ gmo 

<3(zero) ^sKK c,. + c,)« #7fl ^sfl a] e^ (Cl)^ H7l# 3^3^ €*Rr 

^^6))a1 i^Rr o)s-g- 030. ^ oicf. o]e^ NMOS H^^I^eKNMIO), PMOS 

H^1^(PM2), €^(Is2) % 7fl35flA}E-l(C2)S. ois-^^l ^-g-^-*> S)S^-(124)^>HS 

<39> ^^-/^<y- £^(120)^- £ 1 ^ £. 2<>fl 5La^ ^li ^ *|12 ^aHI^ ^-o] ^ 

^3 , ^ ^M 0 ^* ^-o>^7l NMOS H^^l^Ei(NM5 ^ NM6)Sf, NMOS H 

^^l^Ei(NM7 ^ NM8)» Ei S 3<^1 *\}3 ^AH}A|<i) #^-/#<£ 

^€-^(120)^ NMOS B^3^1^e|(NM5 ^ NM6)^ ( NMOS H^^I^eI (NM11)* c-] i^-^. 

<40> £ l ^1 £ 2^1 £A]^ w}-<2}- ^o], ^/^ ^^(120)^] NMOS B$*l^Ei-i-(NM5 ^ 
NM6)^ ^^-S-^-El <Q&S\±r wl-ol^^ #<y-(VblH n}.^ #^^oj-(Vo+, Vo-H #(full) 
^( swing) ^ ^ 2)^- tiVolc^^ ^-c>§cf. NMOS H€^1^^(NM7 * NM8)^ w> 

€#0^)2 H nj-ej- ^^(current mirror)S w^o^ 

<4i> >y-7l«2j- ^-o] §-^71 ^sr>^ ( NMOS H^l^Ei(NM5)Tr ii^(Q4)^ 2cJ=(Ql) ^ 
^r^H sM^i ^(Vbl)^ ^*fl -§^€4. NMOS H$*l^EUNM6)fe hz. 
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1020020079286 <H*>: 2003/6/3 

= (Q3)^ ^=(02) A>olofl ^S]^ afol^^ ^(VblHl £}*fl ^^4. NMOS 
— E i (N7)^r ic^(Ql)4 ^^l^<a-^(Vss) A>olofl wHo^ ^^(^2)^1 <i|3fl ^ 

^•^cf. NMOS B^^l^Bi(NM8)^ ^£L(Q2)2f ^<?M(Vss) ^olofl ^^£)r^ w>ol<>li 
^i^-(Vb2)oll ^-^cf. on- o^a^ NMOS B^^l^Ei(NM5 ifl*l NM8)£r JEs^^ofl 

< 42 > £ 3<^1 W >sf ^o], ^13 ^Al^ofl icj-s. *i^/*l<y- ^^(120)^ NMOS B^H 

^l^Eil:(NM5 ^ NM6)£r ^JfS-fBi <g 3=)rr mM<H^ ^(VblH ^ ^ 
<y-(Vo+, Vo-)°l #(full) ^^(swing)l- ^ ^ 4°Hif ^°>^^. NMOS H 

^^l^Ei(NMll)^ wHo^ ^<a-(Vb2)<^l icj-e)- ^ iiS -^^H w>ol^^ # 
°>^cf. NMOS B^^l^Bi(NMll)^ <y^JL 91 A ^ 2:^^-(110)^| NMOS 

H^^l^Bi(NMl ^ NM2)^ 3l^o_5. ^^*!-rf. o] s ^ ^ofl o)^ o]s 
(110)^ ^Efl# £-^rf. 

<43> Aj. 7 i^. ^-ol ^2]-£]7l JH nmoS B^fl^liB^(NM5)^ ^£L(Q4)^- ±E.(Q7) A}ojofl ^ 

ufol^^ ^(VblHl ^€4. NMOS H^^1^BKNM6)^ ic£L(Q3)^- ±r..EL 

(Q7) a>°H w>o]c>|i *I<y-(VblH ^*fl NMOS H$*]^Bi(Nll)^r ^ 

^(Q7)2}- ^xl^l^(Vss) ^}°H1 wH°l^ #<3-(Vb2Hl ^*fl 

<44> ^7}o\]*) ^^tt £ 7l#*j A>Aj-£- ti|-B}-3l*V ^j*} O.^ 7 1#£] 
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1020020079286 #^ 2003/6/3 
1] 

7fli^H ^Efl^ ^ ^s^O-S XU ^ Xl2 ^^Jl-I- ^^«>J1, XU ^ Xl2 <9 

=1^1JlS1 7HJlf X| l ^ X| 2 #^*>£), ©l^S^tf AlJlofl 4 

A o V 7l <g °j7f ^ o]S. S^^-^E^ #^S)^ #71 XI 1 ^ XI 2 

Xll ^ X12 W}o]cX^ ^ofl 4^ # 7 j ^! ^ ^ 2 *F^JL# ^^EflSl XI 

l V A xl 2 i^^s. «i^H #3*Hr ^/^ ^Jfl- s f-^1 , 

#7l 917} o]s. S^^Rr ^fiV^ ^^S^-Ei ^?^£]cX 

^3 5£fe 3 ^Bflo] ^.g. ^.g. ^lo S 7 }i£ ojs. -i 7] 

[^T 1 * 2] 

XI 1 S^i, 

^71 917} ^ 7>^ o]S- 2:^^, 

± + <#7] &^-/&<& xll XHS<Et°S #7l Xll 91^1 

^71- <a^5l^ XI 1 NM0S ; 

#7l XI 1 NM0S H^l^^ *}%- ^Efl# ol^-Jl, #7l ^^-/^«y- 

XI 2 ^£L^ XHH^iLS- #7l X12 ^^^lS7> ^Sl^r Xl2 NM0S Biffl*!^; 
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^^^°) 41 NMOS JE.efl^]^4 ^.efl<y^.ol av 7 1 

*H3 ±EL$}- ^j^Sjci ^-71 ol^^^og- Aijrofl ,45} ^5]^ ^3 NMOS 

i^yr°l A oM A]2 NMOS B^^l^B^ =el|o]^ ^^U, JELefl<y<a-°l ^^-/^<y- 
^ 4 i-^^. ^^s]^ ^-71 ol^s^^oj- Al^ofl rc)-e|- ^hsq^r *1]4 NMOS H€ 
^]^# £^*Hf ^3* ^ 7}i£ o]=- ^s_7l. 

[^T 1 * 3] 

*n 2 *<mi sw^. 

afll £ ^13 NMOS B^l^E^ ^12 % ^4 NMOS ^7} 

4] 

XI 1 %H1 SflaH, 

A cM ^^Jl «?]7} ^ 7>^ o]S. 2:^^, 
S7V °d^5]^ *fll NMOS B^l^Ei ; 

A oM afll NMOS B^l^E^ ^ ^b)]# ol ^.37, ^^cj-ol av 7 i ^/^oj- £^MjL<>] 
X]5 TflolB^S. ^3-71 ^2 < a^^5i7> *|]2 NMOS H^l^ ; 
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#7] afll NMOS £Lefl<y^4 JL, £Lefl<a^l ^7} Q^/QQ 

*fl3 ^-71 ojs-s^^oj- Aljrofl tcj-Ej- ^-S^ *fl3 NMOS 

^^^o] ^-7] *fl2 NMOS B^li^s] £131*1 #4 ^^s)ZL, ^ #7l 

*fl4 hz.^ ^71 ol^^^oj- A]^oH tcj-Ej- ^5}^ ^4 NMOS H^fl 

XjiE-m SL^Hr ^ *>£r 7>^ o]S. ^71. 

[3 ^8" 5] 

A 4 SW>H, 

^-71 A}1 ^ *fl3 NMOS B^^iEisf ^ 75fl4 NMOS - H^M^E^ #7l o}^^ 

#^7l . 

6] 

^1 1 %H| 9X°] *\, 

^7] ^"71 *112 ^>^S7> <y^5l^ ^12 ±1=. A}olofl ^2 
^7.}; ^ 

Soil ^ ^ a o v 7 | ^^-/^oj. ig^-JjL^ #33^ ^71 afll ^ ^2 # 
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7] 

*fl3 lt= a\o}6\) #71 *|) 1 a>o]c^> 1 ^ofl ^ *|]1 NMOS 

3; 

*fl4 IcS. ^7] *fli «}°Hi; ^<y-^ rcj-ef. ^-^-S]^ ^2 NMOS H^E^i 

N; 

^7l »13 ±*L9\- ^l^tf^ *}o)o\) ^4?=H ^-71 *|| 2 «>©H^ ^ 

^13 NMOS H^^l^Ei ; ^ 

3^ *fl4 NMOS H^l^Eil- 3L^-SRr ?A^r ^<L3, f>}±= 7}^_ ojs. ^7l. 
[^T 1 * 8] 

*ll 6 5a<H>H, 

#7] iaJELSf ^>7l ^^Jl ^7]- ^ 7}^ o]S 2:^^-5. ^-?|^r^l 7^ *fl3 
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#7l a|) 2 #7l m i^JEl *}o]6\) #7l ^1 tij-olo^ #°J6\) tcj-ej- ^*}- 

s}^ ^12 NMOS B^l^Ei; 

#7l ^)13 ^l^^l ^>°H1 #7l *fl2 WH<^ ^ l^fe 

^13 NMOS Sqfl^Ei ; ^ 

#7l ^13 ^^ #7l 3*1 Afojofl # 7 j ^)2 ti>o]o]^ ^oj-ofl nfe). s.^ 

^Itt *fl4 NMOS H^l^Bl* 5L^Hf 7 A^l ^^log. ^ o]s. ^s. 7 | 

[3^* 9] 

1 %H1 5a°H. 

A o V 7l ^/^ ^^Mr, 

s; 

A oM #7} *fl2 ^^1S7> <g^5^ *fl2 i^J= A>o]o]] ^S}^ *fl2 ^ 

#71 41 ^ ^-f^-*} 5)^.^ ^^1^^ Al-ojoU ^4-£]jL, #71 ^ *fl2 ti}oH 

^ *±3L°]) K\rr% #ff- iiS ^5H, #71 ^/^ ^^S. #^5l^ #71 *fl 1 ^ 
^)2 #3*}^ 3ff- WHOI^ ^-C>-^ 3}s Hj-ol^^ ^^--i- i^-zj}^ ^^r f^O 
5- 71- «| ol^- ^71. 

10] 

*fl 9 %H1 ^L<H^i , 
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^7} ^€^^€4 A cM Xll A >°H1 Xl3 i^=^ <4^ ^^-s]^ 

XU PMOS B^*l^£l ; 

#71 xll PMOS B^^liBisq- ^vj: Jf?fl^8: ^7} .&#&<&^ #7l X13 

*}°H ^7} Xll ic^.B] ^ofl c^-et f^-sq^ *|j 1 NMOS H^l^Bi; 

^-71 Xl3 i^E.*)- ^-71 ^l^tf^ A}ojofl ^"71 *fll ^-*f<5> ti>o]oli: 

XI l ^ 

7U^X|7l7l ^tb ^4^T ^ Tfl 3*1) A] 41- i^>^ %-£r ^^SL£_ 7>^ o]^ 
11] 

XI 9 $a<X^i, 

^7} #7l X12 2t = A>olo)l ^^H]o^ ^3 ^^.o) ^^Jc^l t^ej. ^^-5]^ *)] 
1 PMOS B^l^l^Ei ; 

#71 Xll PMOS aj-^ ol^.j7 ( Aj- 7l ^^^^3]- Aj- 7 i ^3 i-c 

*V°H A o v 7) X12 -g^s)^ XU NMOS H^*1^e| ; 

^7} X13 hz.EL2± ^7} A}o]6\] ^>7l X]2 ^-^V 2)5.^ 

®°}^ Xll ^ 
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12] 

^1 9 5a<>H, 

^13 i^-El a>o]o 1 ] A> 7l ^! aj-ojo^ 4^1- ^s)^ NMOS H^^li 

3; 
3; 

^"71 ^)3 t^sq- ^lSltf-^ Alol^] ^^s)t^ ^-71 *fl2 ti>ola]i ^og-o,] n}a|- ^3}-S]^ 
^13 NMOS Hiffl*]iEi ; ^ 

£\t= A)A NMOS H^l^El* ^o. ^lo 5 ^ 7]-^ ojS. f^S.71. 

[^t 1 * 13] 

XI 9 *<H1 5U<H*1, 
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^ A>o]ofl ^#£|^ Aj- 7 ) wVo]^^ ^oj-ofl rcj-s)- -§-^5^ ^1 NMOS S^^E-]; 
^-71 z\]2 2^2= #7) *fl3 i^-E. a>o)o]1 ^s]^ ^- 7 ) ^fl! w^o^ ^oj-ofl 14^ ^2]- 
sItt *fl2 NMOS 2=^*1^ ; 

#7] ^13 iclESl- ^l^tHS Aj-ojofl 34=^ #7] *fl2 ^H 0 ^ ^oj-ofl ttfe}- -g^S}^ 
*)]3 NMOS B^l^E] ; ^ 

#7} ^13 i^E.<4 ^7l ^ ^Hl #7) *fl2 wfoioii ^oj-ofl p^-ej- ^ 

3^ ^14 NMOS H^l^l- S^-fe 7>^ ojs. ^71. 
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